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NGHIEN CU’U ANH HUONG CUA BAN KiNH CONG TOI
DAC TRUNG KHi PONG CUA CANH BAO QUANH THAN

EFFECT OF WING CURVATURE RADIUS ON AERODYNAMIC
CHARACTERISTICS OF THE WRAP AROUND FINS

TS. Biii Vin Phuong, ThS. Nguyén Thé Phi
Vién Tén ltra, Vién Khoa hoc va Cong ngh¢ Quan sy

TOM TAT

Nghién civu trinh bay cdc dac tinh khi déng hoc cia canh bao quanh than bang phirong
phdp mé phong sé. Tdc gid sir dung phirong phdp RANS véi mé hinh réi SST k- trén phan mém
ANSYS Fluent. Dau tién, viéc xdc minh tinh déc ldp cua lwoi dwoc thuce hién thong qua so sanh hé
6 khi déng cia canh dwoc tinh trong cdc truong hop ludi c6 sé lwong nit tang dan. Sau d6, nhém
nghién cueu tinh toan cac hé 56 khi dong hoc cua mo hinh o cac dai van t6¢ Mach khac nhau. Két qua
mé phong sé dwege so sanh véi thwe nghiém va cdc tinh todn trude dé cho thdy sw twong dong tot.
Dong gop cua bai bdo tdp trung vao viéc phan tich cac ddc tinh khi dong hoc cua canh bao quanh

thén véi cac ban kinh cong khdc nhau khi thay doi géc tan tai ché @ bay siéu am.

Tir khéa: Cdanh bao quanh than; Mé men quay; Mé men giam chén; Khi dong lic hoc; M6
phong so.

ABSTRACT

This study presents the aerodynamic characteristics of wrap around fins by using numerical
approach. Authors used RANS equations with the turbulent model k-« SST by ANSYS Fluent. First,
by increasing number of nodes, the mesh independence test was conducted through the results
of the wing aerodynamic coefficient. Then, the model aerodynamic coefficients were calculated
at different Mach numbers. The numerical results were validated with the experimental data and
the previous calculations. The research’s contribution focuses on analyzing the effect of the wing
curvature radius on aerodynamic characteristics of the wrap around fins at different angles of
attack in supersonic conditions.

Keywords: Wrap around fins; Roll moment; Damping moment, Aerodynamics; Numerical
approach. &
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1. MO PAU

Cénh bao quanh than (Wrap around
fins) goi tat 1a canh cong duoc sir dung trén
tén lira va dan phan lyc duoc phong bing éng
phong. V& mit thiét ké, canh cong c6 thé tiét
kiém khong gian bang cach cudn quanh than,
rat thuan loi cho viéc dat va bao quan trong
6ng phong. Vi vay, loai canh nay dugc st dung
rong rdi trong cac trang bi vii khi chién thuat
nhu Extra (Israel), dan phan lyc Hydra 70 (Hoa
K¥), phdo phan lyc BM30 (Nga),...

Viéc so sanh canh phang va canh cong
dugc nghién ctu trong mot s6 cong trinh.
Tanrdkulu va cong su [1] da so sanh cac dac
tinh khi dong hoc phi tuyén giita tén ltra canh
phang va canh cong bang phan mém do tac
gia phat trién. Song cac két qua thu dugc co
khac biét dang ké so vai dir liéu thuc nghiém
DATCOM. Nghién ctru ciia Sharma va cong su
[2] so sanh ddc trung dong luc hoc dong chéy
xung quanh mot canh cong va mot canh phing
doc 1ap khi goc tan bang 0 tai cac van toc khac
nhau. Zhang va cong sy [3] da so sanh cac
dac tinh khi dong hoc gitra canh cong va canh
phing bang cach thay d6i cac tham s6 hinh hoc
ctia canh ¢ toc do siéu thanh. Song, mo hinh
Spalart-Allmaras dugc tac gia st dung khong
phtt hop cho dong chay rdi bao quanh 16p bién
ctia tén ltra. C6 thé thay rang, viéc danh gia anh
hudng cua ban kinh cong té1 cac dac trung khi
dong hoc ctia canh cong con kha han ché vé d6i
tuong va phuong phap tinh.

Trong bai bdo nay, nhém tac gia tap
trung danh gia cac thay d6i khi dong hoc cia
tén lra 4 canh cong c6 vat mép, khi ban kinh
cong thay d6i tai cac tbc do bay va goc tan khac
nhau st dung mo hinh k- SST [4] trén phan
mém thuong mai Ansys Fluent.

2. MO HINH TOAN

Phuong trinh dong lyc hoc chuyén dong
quay thuan ty ctia canh cong c6 thé dugc biéu
dién duéi dang [5]:

do,
dt

—2=M =M’ -M"

Véi: J, 1a m6 men quan tinh doc truc;
o,, M 12 van tdc va md men quay; M’ 14 thanh
phan mé men do goc 1éch canh & gay ra (M 2¢o
xu hudng 1am ting van téc quay, 1a két qua cua
cap luc nang duogc tao ra bdi cac bé mat nghiéng
trong chuyén dong thang vé phia trudc); M 1a
mo men giam chén, do vén téc quay o _gay ra.

3. PHUONG PHAP MO PHONG SO
3.1. M6 hinh nghién ctru

Nhoém tac gia st dung mo hinh tén ltra
c6 kich thudc hinh hoc va dir liéu thuc nghiém
dé so sanh hé s6 méomen quay cta canh cong
[6]. Cac kich thudc trong Hinh 1-2 duoc biéu
thi bang don vi mm, L 1a d6 dai dic trung.

1016

203.6

e

o 41016 "
= ' -

863.6 !

Hinh 1. M6 hinh tén lia.
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Hinh 2. Hinh dang canh cong.

3.2. Chia lwéi va kiém chirng

Hinh 3. Céu tric ludi toan bé mién tinh todn.
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Vung thé tich tinh toan dugc chia ludi
polyhedra (Hinh 3). Trong d6, chiéu day 16p
lu6i dau tién sat trén bé mat tén lira < 2x107 m
v6i ty 18 tang cho céac 16p tiép theo 1a 1,05 nham
bao dam mo phong 16p bién tai van toc trén 4m.
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Hinh 4. Anh hieong ciia s6 leong phan tir hitu han
den hé so luc can.

Pé kiém tra chat luong 1udi, sb luong
phﬁn tor htru han dugc tang tr 0,86 tri¢u dén
4,08 triéu. Tir Hinh 4 ta thay, khi s6 luong phan
ttr hiru han dat 2,64 triéu thi két qua tinh C 4 thay
d6i khong dang ké. Do d6, nhom tac gla chon
lui 2.64 tridu phan tir cho mo phong sb nham
bao dam d6 chinh xac va tiét kiém thoi gian
tinh toan.

Két qua mo phong sb duogc kiém chimg
thong qua so sanh két qua tinh toan hé sb mo
men quay m_ voi két qua thuc nghiém [6] va
cac tinh toan truoc do6 [7-9] (Hinh 5). Xu hudng
thay d6i hé s6 mdé men quay la twong ddng véi
két qua thuc nghiém ciing nhu cac tinh toan
trude do.
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Hinh 5. So sanh két qua tinh hé s6 mé men quay.

4.KET QUA MO PHONG VA THAO LUAN

4.1. Anh hwéng ciia ban kinh cong téi phan
b6 ap suit trén bé mit canh

Su phén b 4p suat tinh ¢ gitra nhip cta
canh (mit cat thé hién trén Hinh 1) khi ban kinh
cong thay ddi tai goc tan bang 0 duoc thé hién
trén Hinh 6. C6 thé thiy, ap suét ¢ hai bén canh
cong la khong gidng nhau. Ap suat trén mat
16m cua canh 16n hon trén mat 16i va chinh su
chénh 1éch ap sudt nay lam phat sinh mé men
quay M. Tai cuing mot s6 Mach, ban kinh cong
nho hon thi chénh 1éch ap suét 1a 16n hon. Su
chénh 1éch nay 1a khong rd rang ddi voi canh
phang. Khi ban kinh cong ting lén thi cac luc
& hai bén canh dan tré nén dbi xang. Noi cach
khac, cac lyc bén tuong tng s& giam dan khi
ban kinh cong ting 1én. Piéu ndy cho thiy, néu
ban kinh cong du 16n, canh cong co thé duoc
mo hinh héa nhu mét canh phang thuan tay (khi
dién tich chiéu vudéng goc xuéng mat phang ddi
xtng cua tén lira khong doi).

bé giai thich sy chénh 1éch nay, chung
ta hdy so sanh gia tri 4p suat trén cic bé mait
cong (Hinh 7). C6 thé thay, khoang cach giira
cac duong cong ap sudt trén mit 16m va 15i 1a
khac nhau (Hinh 7a, 7b). Khi R = 38, chénh
léch ap suat giita hai mat 16m — 16i trung binh
la 50%, trong khi d6, dbi v6i canh phang, con
s nay la 186%, cao hon 3,72 1an (ciing mot tiét
dién). Phan b ap suét tinh trén mat 16m khi ban
kinh cong ting duoc hién thi trén Hinh 7c. Xét
trong khoang 0,2L.+0,8L noi ma su chénh 1éch
ap suét 1a rd hon. So v6i canh phang (R = o) thi
gia tri 16n nhét cua ap sudt giam lan lugt 92,5%,
90,6%, 85,3%, 81,6% va 77,9% tuong Gng voi
R = 38mm; 48mm; 60mm; 70mm va 80mm.
Xét phan bo ap suat trén cac mat 16i (Hinh 7d),
gi4 tri 4p suat tinh 16n nhét ctia cac canh c6 ban
kinh cong nho hon thi 16n hon, twong tu nhu
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dbi voi mat 1dm. Su thay doi ap suét tinh tai
mit 16i trung binh 1a +31% khong nhiéu so véi
thay ddi ap suét tai mat 16m ddi véi cac canh
cong khac nhau. Diéu nay thé hién rd trén Hinh
7d khi cac duong cong ap suit & trudng hop
nay gan nhau hon so véi mit 16m.

Hinh 6. Phén bo ap sudt doc theo mot dwong o
gitka nhip ciia canh khi R thay doi.
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Hinh 7. Phdn b6 dp sudt tai mdt 16m (a) va mdt 16i
(b) khi ban kinh cong thay doi.

4.2. Song xung kich

O tdc @6 Mach 2, c6 thé thay song xung
kich doc theo tén Itra kha rd (Hinh 8). Tén Itra
lac nay dang bay & toc do trén am, va cac hat
khong khi nhanh chéng bi nén lai va giam tc
d6 khi chung tién dén miii, din dén song xung
kich manh. Dong chdy qua céc canh cong chu

yéu van 1 trén am v6i cac ving nho cua dong
chdy cén am tai diém ndi than — canh vé phia
dau canh. Vung nho cua dong chay can 4m &
ving dau cua canh cho thay sy hinh thanh cua
song xung kich cong c¢6 cuong do thay doi tir
gbc dén dinh cta canh. Dong chay cén am tai
diém néi than — canh 1a do sy cham lai nhot cla
dong chay trong khi dong chay can 4m vé phia
dau canh 1a do s6 Mach cua dong chay tdi cao
hon ra khoi than dan dén sy hinh thanh song
xung kich manh hon.

Hinh 8. Pdc trung dong chay quanh tén lira
tai M = 2.

5. KET LUAN

Céc dac tinh khi dong hoc cua mo hinh
canh cong tai cac van tbc Mach va & céc gdc
tan khac nhau duoc tinh bang phuwong phap mo
phong s6. Két qua tinh todn md men quay cia
nhom nghién ctru cho thiy su twong dong véi
két qua thuc nghiém va céc tinh toan trudc day.
Bai bao dua ra phan tich chi tiét vé anh huong
cua ban kinh cong tdi cac dac trung khi dong
cua canh. O cung mdt van tdc Mach, ban kinh
cong cua canh cang nho thi m6 men quay sinh
ra cang 16n. Néu ban kinh cong du 16n, canh
cong c6 thé duoc md hinh hoéa nhu mot canh
phang thuan tay. Cac két qua thu duoc co thé
dugc g dung trong thiét ké cac loai tén lira co
st dung canh cong thay thé cho canh phang. <
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